Background: Studies comparing the anastomotic leak rate in patients with an intrathoracic versus a cervical anastomosis after oesophagectomy are equivocal. The aim of this study was to compare clinical outcome after oesophagectomy in patients with an intrathoracic or cervical anastomosis, and to identify predictors of anastomotic leakage in a nationwide audit.
Introduction
Oesophageal cancer is the sixth leading cause of cancer-related mortality, and its incidence continues to increase every year 1 . According to international guidelines 2 , oesophagectomy is the cornerstone of curative treatment for non-metastasized oesophageal cancer, often combined with neoadjuvant or perioperative chemo(radio)therapy. Improvement in surgical techniques, perioperative management and patient selection have resulted in a reduction in postoperative mortality after oesophagectomy 3 . However, anastomotic leakage remains relatively common, and is a major cause of morbidity and mortality. The percentage of patients with anastomotic leakage varies from 6 to 41 per cent 4 -8 . Several factors are associated with an increased risk of anastomotic leakage, including patient-related characteristics 5, 9, 10 , intraoperative factors 11 -13 , postoperative factors and surgical technique 14 -16 . Controversy remains about the optimal anatomical location of the oesophagogastric anastomosis (intrathoracic versus cervical) after oesophagectomy. Several retrospective studies and one RCT reported increased leak rates in patients with a cervical anastomosis 9, 17, 18 . Other studies, including three RCTs 19 -21 , did not show a statistically significant difference in leak rates. Some surgeons accept a possible higher leak rate associated with a cervical anastomosis, because a wider oncological resection margin can be achieved. Furthermore, in patients with an anastomotic leak, the sequela may be less severe for a cervical anastomosis than for an intrathoracic anastomosis 22 . Others advocate that an intrathoracic anastomosis is associated with a lower leak rate because the gastric tube is shorter and better vascularized 9 .
The scientific evidence for an association between the location of the anastomosis and risk of anastomotic leakage, postoperative morbidity and positive oncological resection margins after oesophagectomy is equivocal. Therefore, the primary aim of this study was to assess anastomotic leakage rates, postoperative morbidity and radical resection rates after oesophageal resection with either an intrathoracic or cervical oesophagogastric anastomosis. A secondary objective was to identify predictors of anastomotic leakage.
Methods
All patient data were obtained from the Dutch Upper Gastrointestinal Cancer Audit (DUCA), a registry of all patients undergoing surgery with curative intent for oesophageal or gastric cancer in the Netherlands. The DUCA is a subdivision of the Dutch Institute for Clinical Auditing, founded in 2011, with the objective to facilitate and organize the initiation of nationwide auditing in a uniform format. The DUCA collects data to monitor national guideline adherence and to provide surgical teams with reliable information on outcome measures. Participation is mandatory for all Dutch hospitals performing oesophageal resections, and data are registered for each patient during the hospital stay and until 30 days after discharge. Detailed descriptions of definitions used in the DUCA are provided in an online registry program to stimulate uniform data registration. An independent monitoring team audits the data to evaluate completeness and concordance. The organization of the DUCA has been described in more detail previously 23 .
Patients
All patients undergoing oesophagectomy for oesophageal cancer with gastric tube reconstruction between January 2011 and December 2015 were included. For the comparison between intrathoracic and cervical anastomoses, transhiatal resections were excluded because an intrathoracic anastomosis was never performed during this approach. All proximal tumours were also excluded because a cervical anastomosis is constructed in patients with a proximal tumour. To assess factors associated with anastomotic leakage, all patients were studied.
Treatment
Surgical treatment consisted of an open (both abdomen and chest), hybrid (abdomen minimally invasive and open chest) or totally minimally invasive transthoracic oesophagectomy followed by gastric tube construction with a cervical or intrathoracic anastomosis. Details of anastomotic techniques (stapled versus handsewn, end-to-side versus side-to-side) are not specified in the DUCA. Patients received neoadjuvant treatment according to national guidelines.
Outcome measures
Patient and treatment-related characteristics were extracted from the DUCA. Histopathological, surgical and short-term oncological outcomes were analysed. Surgical outcome parameters included: clinical or radiological anastomotic leakage, pulmonary complications, recurrent nerve paresis, surgical reintervention under general anaesthesia, duration of hospital stay, duration of ICU stay, mortality within 30 days after surgery and/or in-hospital death, readmissions within 30 days after discharge, positive resection margin and number of retrieved lymph nodes.
Statistical analysis
Patient and treatment-related characteristics are described as count with percentages, mean(s.d.) or median (range), as appropriate. Missing values were encountered in 217 patients for eight variables; the percentage of missing values per variable was limited (range 0⋅0 to 4⋅9 per variable). It was not possible to recover missing data because patient and hospital identity are concealed in the DUCA. Missing data were considered at random and handled using imputation with the iterative Markov chain Monte Carlo method (5 iterations) 24 . To account for the effect of possible confounders on outcomes, propensity score matching was performed for the analysis of intrathoracic versus cervical anastomosis. First, propensity scores (the probability, ranging from 0 to 1, that a patient was assigned to an intrathoracic or cervical anastomosis) were derived using a logistic regression model, which included all patient and treatment-related characteristics presented in Table 1 . One-to-one propensity score matching was performed with nearest-neighbour matching without replacement, using a calliper width of 0⋅25 multiplied by the standard deviation of the estimated propensity score 25 . Balance in measured patient and treatment-related characteristics of the matched cohort was assessed using standardized mean differences, with differences of less than 10 per cent and close to 0 per cent taken to indicate Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.). Patients with proximal tumours and those who underwent a transhiatal resection were excluded from the analysis. All variables presented in Table 1 were used for propensity matching. †Middle indicates 24-32 cm from teeth, and distal more than 32 cm from teeth. SMD, standardized mean difference; COPD, chronic obstructive pulmonary disease; ADC, adenocarcinoma; SCC, squamous cell carcinoma; nCT, neoadjuvant chemotherapy; nCRT, neoadjuvant chemoradiotherapy; MI, minimally invasive. The potential association between preoperative patient characteristics and anastomotic leakage was evaluated using univariable analyses in all patients (also including proximal tumours and patients who underwent a transhiatal resection). Variables with P < 0⋅250 in univariable analysis were entered into a multivariable logistic regression model with backward stepwise selection to determine independent predictors of anastomotic leakage. Multivariable Poisson regression with log link and robust error variance of the final model was used to determine relative risk (RR) estimates with 95 per cent confidence intervals.
Statistical analyses were undertaken using SPSS ® version 23.0 (IBM, Armonk, New York, USA), and R 3.1.2 open-source software with MatchIt and optmatch, sandwich, lmtest and Mice packages (http://www.R-project .org). P < 0⋅050 was considered statistically significant.
Results
Of 3348 patients selected for the study, 2086 were included in the comparison between an intrathoracic anastomosis (928) and a cervical anastomosis (1158) (Fig. 1 ).
Patients were predominantly men (77⋅4 per cent), and the mean(s.d.) age was 64⋅6(9⋅0) years. The percentage of patients with an intrathoracic anastomosis increased during the study interval from 20⋅6 per cent in 2011 to 59⋅3 per cent in 2015. Patient and treatment-related characteristics according to location of the anastomosis are shown in Table 1 . After propensity matching, 654 patients were included in both groups and all baseline variables including year of surgery were equally distributed (SMD less than 10 per cent).
Intrathoracic versus cervical anastomoses
Postoperative complications and pathological data are shown in Table 2 . Anastomotic leakage was less frequent in patients who underwent an intrathoracic anastomosis than in those with a cervical anastomosis: 111 of 654 (17⋅0 per cent) versus 143 of 654 (21⋅9 per cent) respectively
All oesophageal resections for cancer n = 3348
Eligible for identification of preoperative predictors of anastomotic leakage n = 3348
Excluded n = 1262 All transhiatal resections n =1224 All proximal oesophageal tumours n = 38
Eligible for inclusion and propensity matching n = 2086
Intrathoracic anastomosis (before matching) n = 928
Intrathoracic anastomosis (after matching) n = 654
Cervical anastomosis (before matching) n = 1158
Cervical anastomosis (after matching) n = 654 (P = 0⋅025). Recurrent nerve paresis occurred less often in patients with an intrathoracic anastomosis: 4 of 654 (0⋅6 per cent) versus 46 of 654 (7⋅0 per cent) respectively (P < 0⋅001). The median duration of hospital stay was shorter in patients with an intrathoracic anastomosis: 12 (range 3-145) versus 14 (4-386) days (P < 0⋅001). Surgical reinterventions, duration of ICU stay, in-hospital mortality and number of readmissions were comparable between the two groups. The associations between location of the anastomosis and outcome parameters were not statistically significant when stratified by type of surgical approach (P for interaction > 0⋅050) ( Table 2) . Among patients with an anastomotic leak, there was no significant difference between the anastomosis groups in the percentage of patients who had a surgical reintervention (53⋅2 per cent of patients with an intrathoracic anastomosis versus 44⋅8 per cent with a cervical anastomosis; P = 0⋅184) or in-hospital mortality (8⋅1 versus 10⋅5 per cent respectively; P = 0⋅520). Duration of hospital stay (median 40 (range 9-132) versus 28 (4-132) days; P < 0⋅001) and length of ICU stay (median 8 (1-111) versus 4 (1-155) days; P = 0⋅021) were longer after an intrathoracic compared with a cervical anastomotic leak.
Predictors of anastomotic leakage
Some 656 of 3348 patients (19⋅6 per cent) had an anastomotic leak (Table 3, Fig. 1 ). The median duration of hospital stay was 26 (range 3-200) days in patients with anastomotic leakage compared with 11 (1-386) days in patients without an anastomotic leak (P < 0⋅001). Mortality rates were 9⋅1 and 2⋅7 per cent respectively (P = 0⋅001). Univariable analysis revealed that anastomotic leakage was associated with several patient-related factors including age, ASA fitness grade, tumour location and comorbidities ( Table 3) . Tumour histology, TNM stage and neoadjuvant therapy did not differ between the groups with or without an anastomotic leak.
Independent predictors of the development of anastomotic leakage included: an ASA grade of III (RR 1⋅31, 95 per cent c.i. 1⋅09 to 1⋅78; P = 0⋅009) or IV (RR 1⋅98, 1⋅27 to 3⋅64; P = 0⋅026), history of chronic obstructive pulmonary disease (COPD) (RR 1⋅21, 1⋅02 to 1⋅45; P = 0⋅031), history of cardiac arrhythmia (RR 1⋅25, 1⋅01 to 1⋅55, P = 0⋅044), diabetes mellitus (RR 1⋅26, 1⋅06 to 1⋅49; P = 0⋅009) and tumour of the proximal oesophagus (RR 1⋅86, 1⋅25 to 2⋅77; P = 0⋅022) ( Table 4) .
Discussion
This nationwide multicentre cohort study compared clinical outcome in patients with an intrathoracic versus cervical anastomosis following oesophagectomy. An intrathoracic anastomosis was associated with lower rates of anastomotic leak and recurrent nerve paresis. This may explain the observed shorter duration of hospital stay among patients with an intrathoracic anastomosis than for those with a cervical anastomosis. However, among patients with an anastomotic leak, ICU and hospital stay was longer in the group with an intrathoracic anastomosis. Independent risk factors for anastomotic leakage include an ASA fitness grade of III or IV, history of cardiac arrhythmia, COPD, diabetes mellitus and proximally located tumours.
Four RCTs 18 -21 have investigated clinical outcome in patients with an intrathoracic or cervical anastomosis. The results of these studies are equivocal regarding which anastomotic technique is preferred in reducing the risk of anastomotic leakage. The conflicting results can be explained by these studies being underpowered, with few events (range 2-13 per study), resulting in uncertain estimates. Other methodological shortcomings are the large degree of variation in surgical approaches, definitions of anastomotic leakage, and variation in stapled and hand-sutured anastomosis. Two meta-analyses 15, 28 , including 298 patients, found that anastomotic leakage occurred less often after an intrathoracic anastomosis than a cervical anastomosis. The present results are in line with these analyses.
Although the anastomotic leak rate was lower in patients with an intrathoracic anastomosis, and this may appear the preferred location of the oesophagogastric anastomosis, leak rates in the present study are high compared with those in other studies 5, 9 . Leak rates after an intrathoracic and cervical anastomosis range from 9 to 21 per cent 9, 17, 29, 30 and 8 to 35 per cent 9, 17, 29, 31 respectively. Some studies included only clinically relevant or radiologically proven anastomotic leaks, whereas others included both 32 . This discrepancy in definitions makes it difficult to compare leak rates between studies. In the present study, the definition of anastomotic leakage remained the same throughout the study, and included (subtle) clinical and radiological signs of leakage.
Between 2011 and 2016, some centres moved from a cervical to an intrathoracic anastomosis; 20⋅6 per cent of anastomoses were intrathoracic in 2011 and 59⋅3 per cent in 2015. The introduction of an intrathoracic anastomosis is associated with a learning curve 33, 34 . Furthermore, the proportion of minimally invasive procedures increased from 53⋅1 to 85⋅4 per cent during the study period. The introduction of minimally invasive oesophagectomy is also associated with a learning curve when looking at reinterventions, morbidity and mortality 35, 36 . Although there were no differences in year of surgery and type of surgery between the groups after propensity score matching, a potential learning curve may explain the high leak rate in the present study.
Despite a reduced risk of leakage and shorter hospital stay after an intrathoracic anastomosis, some surgeons prefer a cervical anastomosis. The possibility of a wider resection margin and less severe complications in patients with an anastomotic leak are claimed benefits of a cervical anastomosis 37 . The present study demonstrated that an anastomotic leak in a patient with an intrathoracic anastomosis led to a longer intensive care and hospital stay. This suggests that the clinical course in patients with an intrathoracic anastomotic leak is indeed more severe 38 . There were no differences in R0 resection rates, surgical reinterventions and postoperative mortality between intrathoracic and cervical anastomoses. The safety of the intrathoracic technique is supported by a recent meta-analysis 28 that found no difference in in-hospital mortality between intrathoracic and cervical anastomoses.
Previous studies 9, 15, 28, 39 have defined factors associated with anastomotic leakage after an intrathoracic anastomosis. Factors resulting in poor tissue perfusion and vascular impairment are considered important 5, 9, 10, 40 . This is in accordance with the present findings, as COPD, diabetes mellitus, ASA grades of III and IV, and proximal tumours were identified as independent risk factors for the development of anastomotic leakage. Although the present study did not identify risk factors other than those already described in the literature, these findings suggest that it may be important to improve the preoperative physical status of high-risk patients before oesophagectomy.
Strengths of this study include the population-based design, the adjustment for important confounders, and the relatively large sample size. Furthermore, data from the DUCA are collected prospectively, and controlled for completeness and validity by an independent monitoring team. There are also limitations to this study, including its retrospective design and lack of randomization. Although propensity score matching was performed, the inability of propensity score matching to adjust for unknown confounders (such as surgical decision-making) is a limitation. Details of anastomotic techniques that may influence the healing of the anastomosis are not recorded in the DUCA. In addition, centre-and surgeon-specific data on leak rates were not available for the purpose of this study, although these data are available for the individual centres. At present, a randomized trial 41 comparing the intrathoracic and cervical approach is under way that should resolve these limitations and make an important contribution to the current literature. nature of the data collected for this study, requests to access the data set from qualified researchers trained in human subject confidentiality protocols may be sent to the DUCA at onderzoek@dica.nl. Disclosure: The authors declare no conflict of interest.
